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Abstract: The application of building information modelling (BIM) during the construction cycle of any development varies. 
Systematically, the way BIM’s applied during the initial phase will have a direct influence on p hases t hat follow afterwards. 


Previous research focused on the application of BIM and concentrated on various aspects, which included sustainability or 


how to overcome the loss of data/information. However, it limited its focus on the application during a specific p hase of the 
project. Analysis outlined both the benefits and barriers o f applying B IM d uring t he c onceptual design p hase. T he study 
suggests that an informed evaluation of the application of BIM during any particular phase should take in consideration 


different stakeholders’ roles and responsibilities. 
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1 INTRODUCTION 


The design phase of a construction project is where stakehold- 
ers’ needs and requirements are identified to develop draw- 
ings, which could include either a 2D or 3D model, specifica- 
tions, drainage plans and building regulation drawings (New- 
ton 1995; Gray and Hughes 2001). The designs will enable 
the various stakeholders to visualize the way the building aes- 
thetics, but more importantly identify the critical aspects with 
relation to the building/project. 


Kochan (1991) opines that, within the design phase of a 
project is when all issues and defects should be identified and 
In addition, Freire and Alarcon (2000) identified 
that, within the design phase, issues can be resolved with 


resolved. 


minimal impact, which in turn becomes more cost effective. 
Therefore, the design phase of a project is critical to ensure 
that all parties understand their roles and responsibilities, and 
that the project can run smoothly where an acceptable suc- 
cess can be achieved at the end project. Kochan (1991) sug- 
gests that poor designs will result in issues arising through- 
out the project, which may include, delays and disruption to 
the construction programme, re-work, an unhappy client, and 
communication breakdown. Furthermore, the cost implica- 
tion of issues not being addressed within the design phase and 
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arising with the construction phase can drastically increase, 
due to, need for new materials, wastage and re-work, leading 
to Freire and Alarcon (2000) suggestion that all parties in- 
cluded throughout the whole of the project should have input 
within the design phase. 


It is generally acknowledged that professional, parties have 
different skills, knowledge and expertise, and therefore includ- 
ing all parties within the design phase will result in any issues 
being identified earlier. It is suggested that a design phase of 
a project can outline up to 67% of the final projects times- 
pan, however this is due to quality and functionality being 
designed within the build, the client’s needs being obtained 
and the build meeting all legislative constraints (Freire and 
Alarcon 2000; Kochan 1991). Contrary to this, it helps to 
reduce the physical construction time, reducing defects and 
issues arising throughout the projects as suggested by New- 
ton (1995) and Gray and Hughes (2001), state that “a design 
stage of what take time is a detailed design phase”. Therefore, 
this is the reason for why all parties should be involved within 
the design process, each party, as stated earlier, will have dif- 
ferent knowledge and expertise and therefore give a different 
insight into the elements involved within project and the issues 
of which could arise, as published by Newton (1995) and Gray 
and Hughes (2001). This as El-Diraby et al. (2017) advo- 
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cates embraces the need for collaborative design. (Gomes et al. 
2016) concurs and further states that a design should be one 
that can engage not only the professionals, but also non-expert 
and the end-users of the project. Cidik et al. (2014) suggests 
that BIM (Building Information Modelling) is an evaluation 
tool, which provides a platform to evaluate the different op- 
tions when producing a conceptual design. Further suggesting 
that BIM offers the designers the ability to assess the different 
design alternatives at the conceptual stage of a project (Jalaei 
and Jrade 2015), thus allowing all the stakeholders views and 
contributions to be included within the design. 


2 LITERATURE REVIEW 
2.1 Design Process: General View 


The design phase of a construction project involves finding 
methods of problem solving, as suggested by Pressman (1993) 
and Lawson (1997). Kochan (1991) agrees and further propos- 
es that within the design phase of a project, the stakeholder’s 
needs and requirements are to be identified. Following this, 
the various professionals can develop a concept incorporating 
the clients’ ideas within drawings and develop these into a 
number of models, which in turn can be presented as a visu- 
al product to the stakeholders to see the concept design. As 
previously discussed, these can include, site drawings, a 2D 
or 3D model, specifications, drainage plans, building regula- 
tion drawings, or any products, which will help ensure all the 
client’s needs are included. 


Kochan (1991) proposes that the design phase of a project 
is when any issues or defects should be identified and resolved 
by either designing them out by implementing design changes, 
or material/quality amendments. Freire and Alarcon (2000) 
identified that within the design phase, issues can be resolved 
with minimal cost effects upon that project, due to re-designs 
and alterations being made. Therefore, the design phase of a 
project is critical to ensure the project can run smoothly and 
ensure project success can be achieved through to the end of 
the project. Kochan (1991) further suggests that bad design 
will mean that issues will arise throughout the project and 
its construction phase, these issues that occur, could cause 
delays, re-working and costing issues. Furthermore, the cost 
implication of issues arising within the construction phase can 
drastically increase, due to, new materials needed, wastage 
or design changes, which mean rework is required. Kochan 
(1991) further proposes and suggests that a good design phase 
is critical; the research also put forward, states that a good 
design phase of a project can outline up to 70% of the final 
projects timespan. This is predominately due to quality and 
functionality designed within the build, the client’s needs be- 
ing designed within the build, and the build having to meet 
all legislative constraints. On the other hand, this helps to 
reduce the physical construction time, as well as defects and 
issues arising throughout the projects. Therefore, this is one 
of the reasons why all stakeholders should be involved with- 
in the design process, as each stakeholder will have different 
knowledge, experience and therefore give a different insight 
into elements involved within project, as publish by Newton 
(1995) and Gray and Hughes (2001). Thus, having identified 
how traditional design processes can affect a project, the next 


section of the literature review will identify drawing methods 
and how they have developed over time. 


2.2 Design Planning 


Austin et al. (1999) postulates that a design program is re- 
quired to be both accessible and workable, as in doing this 
it will help to achieve a more organized and efficient project, 
therefore project success will be easier to obtain. Cole (1993) 
suggests that a design program is usually set to meet a detailed 
deadline, which is set by either the client or main contractor 
before any work commences. The program should also include 
information on how the set deadline can be achieved. Infor- 
mation such as timings for information to be released to con- 
tractors, the procurement method and contractual proceeding, 
release of funds, set review meeting and lastly the design de- 
velopment and schedule. Austin et al. (1999) insinuated that, 
within the construction industry, there is a growing acknowl- 
edgement for design planning, especially within the areas of, 
design solutions and information scheduling. 


2.3 Design Management 


It is claimed that design management and project manage- 
ment are heavily linked (Newton 1995; Gray and Hughes 
2001). However, design management is set around managing 
the design, therefore must deliver a set design, on time and 
meeting the previously set stakeholders needs, requirement(s) 
and finally their budget. A competent professional within this 
sector (design manager), usually carries out this role for the 
design management of a project. However, within some cases, 
a team of personnel who work within the design phase car- 
ry out this role, but it is predominately dependable upon the 
project size and complexity. Furthermore, it is also suggested 
that while there can be a team of whose role it is to carry out 
the design management, there is a need for a single point of 
responsibility. This helps to control the creation of design and 
people know the point on contact should an issue occur. The 
role of a designer is to co-ordinate, control and monitor all 
the design activities, whilst also interacting with other parties 
(e.g. client, project manager, contractor) to ensure all needs 
and requirements are being met throughout the design and 
that the client is satisfied with the end result. 


2.8.1 Design Management: Problems and Issues 


Developments have been made within the design phase and 
how it is managed; however, there are still few examples of to- 
tal project success, as suggested by Gray and Hughes (2001). 
The current procedures and methods used to date within the 
design phase still are full of issues, such as, poor communi- 
cation, lack of adequate or missing documents, lack of coor- 
dination between parties, incorrect information being trans- 
ferred and parties working from different revisions (Goedert 
and Meadati 2008). The current approach used to help man- 
age the design process therefore is usually inappropriate and 
inadequate. Supported by the research conducted by Karhu 
and Lahdenpera (1999), who opined that the process is gen- 
erally shapeless harnessing, poor communication and lack of 
trained personnel, which leads to insufficient understanding of 
the design process. 
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2.3.2 Design Management: Design Changes 


Within the construction industry, especially during the design 
phase of the project, one of the principal issues and causes for 
delay is design changes. When a design change is made, it 
means that re-working is required, irrespective of which stage 
the projct is at, as suggested by Morris et al. (1999) howev- 
er the impact and cost for the design change can drastically 
impact upon how far the project has gone. Machowski and 
Dale (1995) suggest, that design changes can account for up 
to 58% of a designers’ worked hours within a project and can 
be accountable for up to 89% of re-work throughout a project. 
In addition, Koskela (1992) states that some of the design 
changes made within projects have a large administrative cost 
and can cost upon 49% of the overall cost for the design phase 
of the project, and even well-managed projects can have an 
average cost between 5 and 15%. 


2.8.8 Design Management: Integration 


A construction project, irrespective of its size or scale, involves 
the engagement of several parties and professionals who have 
different skills, knowledge and interests, so that they all work 
together in order for the project to be a success (Mitropou- 
los and Tatum 2000). Ensuring that this completed and that 
all parties involved within the project are working together is 
vital (Kagioglou et al. 1998; Mitropoulos and Tatum 2000). 
Therefore, the Integration of the design and construction can 
be difficult, ensuring communication between parties is ob- 
tained, organisation is kept and that planning is updated reg- 
ularly is crucial, as a more detailed design will be achieved. 
Information gathered from the different parties all of whom, 
have different skills and expertise, will help to prevent issues 
arising, this is observed by Mitropoulos and Tatum (2000) who 
stated that “as the constructive parties will have an input into 
the design and all necessary development to be carried out 
this will ensure that suitable design has been done and solu- 
tions are in place for any issues of which were not designed out 
of the project”. Furthermore, Mitropoulos and Tatum (2000) 
opines that the principle outcome of a project is to achieve 
client satisfaction. Therefore, it is clear that the design has 
to meet client’s needs and, in turn, the integration of design 
and construction, which has to be carried out, as Egan (1998) 
postulated, is a fundamental weakness within the industry, 
as a client can change their needs throughout a project. Egan 
(1998) proposed that improvement within quality and efficien- 
cy throughout the UK construction industry is required. The 
design phase was a major factor; this is why the identification 
of the process BIM was critical to the construction industry. 
BIM is a tool, which helps to improve both coordination and 
commutation between all who are involved within the project. 
Moreover, BIM is also a tool, which produces a model and 
is built up from intelligent building components. The mod- 
el created is a representation of the proposed finished project 
as recommended by Goedert and Meadati (2008). Therefore, 
BIM can be used as a tool to show the clients a representa- 
tion of the proposed finished project before the “live” work 
commences. 
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2.4 Building Information Modelling (BIM): 
An Overview 


There is a plethora of definitions of BIM. Karhu and Lahden- 
pera (1999) define BIM as “a modelling process that contains 
building information and components”. Contrary to this def- 
inition, Autodesk suggest that, “BIM is an integrated process 
for exploring a project’s key physical and functional character- 
istics digitally before it is built”. Integrating these definitions 
BIM is a modelling system, which creates a 3D object that 
is created from the building information components, and is 
carried out to meet client specifications and needs. Further- 
more, as Sackey et al. (2014), suggest BIM can be described 
as a socio technical system due to its technical dimensions, its 
ability to produce a 3D model and its aptitude to allow any 
scheme to be re-engineered. 

BIM as previously suggested is a tool, which creates a 3D 
object that is created from building information components, 
and is carried out to meet client specifications and needs. 
BIM models are created within conceptual phase and used 
throughout the design and construction phases as pointed out 
by Mitropoulos and Tatum (2000). Within the conceptual 
phase, a designer creates a parametric 3D model, which rep- 
resents the finished build. This model, once created, can gen- 
erate all the traditional drawing required, such as plans, ele- 
vations, sections, floor plans and schedules with notes being 
linkable to each. Furthermore, as proposed by Karhu and 
Lahdenpera (1999), when a client makes a design change the 
designer only needs to change the original drawing and the 
other drawings will change automatically. Lastly, a BIM mod- 
el can be compressed and transferred into several file formats, 
which can then be shared amongst all parties of the AEC 
teams (Sabol 2008). 


2.5 BIM: Implementation and Application 


Liu et al. (2016) propose that albeit BIM has led to changes 
in the way that designers and contractors work, it seems that 
organisations and specifically the role of the designer and con- 
BIM is 
known throughout the construction industry for its ability 


struction teams often do not significantly change. 


to improve communication between all parties involved in a 
project, by the use of a centralized model. It is also suggested 
that the centralized model helps reduce the level of separation 
work carried out by everyone working upon the same project 
model (Hardin 2009). However, this could cause issues as dif- 
ferent members of the AEC team may obtain different levels of 
BIM capabilities. Furthermore, Eisenmann and Park (2012) 
found within their research that the parties’ knowledge level 
within BIM was very important to achieve the most benefits 
from BIM and therefore, recommend that team ‘experts’ are 
allocated within each projects design phase. Moreover, East- 
man et al. (2011) says that, “within highly specialized works, 
skills are required that may be relatively unique within the 
industry”. 

BIM as a tool have several advantages, which can drastically 
impact upon the conceptual phase, if not limited by the user. 
Some of the advantages of BIM are that BIM helps to speed 
up the design and construction process. BIM also helps with 
conflict resolution, as it aids to identify conflict early within 
the development meaning that any needed modification can 
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be made as put forward by Bryde et al. (2013). Furthermore, 
the single entry and transporting files, previously discussed 
within the study are key advantages. Bryde et al. (2013) also 
points out within their study that BIM also provides details on 
how each of the building components are assembled correct- 
ly. Therefore, helping to cut down on physical construction 
time as well as rework. Finally, one of the biggest advantages 
from a client point of view, is that BIM allows operational 
simulation. According to Bryde et al. (2013), “BIM allows 
clients to have a real time viewing of the proposed project by 
an animated model showing a client a walk through”. 


2.6 BIM: Barriers and Issues 


Although BIM is seen to be the future, there are still a few 
issues, which need to be addressed before the full benefits can 
be reaped by the industry. There are three main issues with 
BIM, expertise, cost and workflow (Sabol 2008) . Bryde et al. 
(2013) suggested that workflow is not an issue when imple- 
menting BIM, but the there are some major players that in- 
fluence BIM implementation such as expertise and cost. Lack 
of expertise of BIM is a barrier, as suggested by Bryde et al. 
(2013) as there are not many experts out there, due to the fact 
that BIM requires extensive training. Another factor suggest- 
ed by Bryde et al. (2013), is that BIM is a new technology 
tool and therefore difficult to get a grasp of. Cost is a ma- 
jor issue as there is a high initial upfront cost, which is also 
suggested by Sabol (2008) and Sebastian (2011), this includes 
the hardware, software, training and implementation. There- 
fore, as suggested by Bryde et al. (2013), this supposed cost 
is the main reason why companies don’t make the transaction 
to BIM, as there is a risk of spending money before actually 
saving, so it is a gamble. Further to the two disadvantages 
previously stated, other studies have shown that human error 
and communication are also major issues when using BIM, 
however this is not due to the software but the users. 

The main feature that makes BIM possible is its "interoper- 
ability", of which means its capability to coordinate and inter- 
act as a constant representation of the same building through- 
out a project and within all the AEC member’s hands. Ac- 
cording to Howell and Batcheler (2012), the success of BIM 
depends upon the sharing of information among the various 
BIM models. This is a key feature within BIM as stated earlier 
within this study. However, Howell and Batcheler (2012) fur- 
ther suggest that numerous software’s require different ways in 
which BIM can be used within them. In addition, Moon et al. 
(2011) argued, “eight in ten BIM users say there is a significant 
need to improve interoperability as different software packages 
from may not interact with each other correctly. Therefore, 
this will cause issues within communication and exchange of 
information, which in turn can affect a project drastically. On 
the other hand, it is not possible for one program to handle all 
functions needed to carry out a project, for example, create 
the drawing, specification, and write the program as well as 
schedule, whilst also doing the costing and creating a Gan- 
tt chart. Therefore, separate software’s are necessary. This 
is the reason Industry Foundation Classes (IFCs) were devel- 
oped by the International Alliance for Interoperability (IAI), 
which has set out and has introduced rules and protocols, to 
provide the constancy when it comes to the method in which 
the data is represented within the building model as defined 
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and pointed out by Azhar et al. (2008) within his study. 


3 RESEARCH METHODOLOGY 


Bryman and Cramer (2011) propose that a mixed method 
approach can provide a more insightful, yet informative in- 
vestigation for the phenomenon being investigated. Within a 
mixed method, approach data can be collected within a short 
period of time. Furthermore, Saunders et al (2007) points out 
that qualitative approaches are best suited to analyze con- 
For this study, data 
was attained using mixed methods through conducting ques- 


tent that is non-numerical in nature. 


tionnaire surveys and semi-structured interviews. Therefore, 
this paper aims to gather quantitative data for the advantages 
and disadvantages of BIM within the conceptual phase, and 
qualitative data for the impact on interoperability and degree 
of implementation. The research commenced using secondary 
data obtained from literature to identify related studies with- 
in relation to application of BIM within the conceptual de- 
sign phase. A questionnaire was constructed based upon what 
pervious researchers found to be the advantages and barriers 
of implementing BIM this was then distributed to construc- 
tion experts to complete, they were asked to rate their level 
of agreement upon statement from previous studies, the an- 
The 
semi-structured interviews aimed to ask about the challenges 


swers were from strongly agrees to strongly disagree. 


involved with interoperability, as well as the advantages and 
barriers of BIM being implemented with the conceptual phase. 


3.1 Questionnaire Survey 


The questionnaire aims to determine what construction ex- 
perts thought the main disadvantage and advantages of BIM 
are. These questionnaires were sent out to construction per- 
sonnel, who operate within the conceptual phase of a project 
or have an expert insight within BIM. The questionnaire was 
designed with predominately rating scale questions, respon- 
dents were asked to state their opinion or preference for a 
particular question on a scale from strongly agrees to strongly 
disagree. Within data collection there are numerous ways of 
which a questionnaire can be sent, for example, email, post, 
over a telephone or face to face as suggested by Naoum (2007). 
The questionnaire was divided mainly into two parts: 


(1) Part 1: considers background information about the re- 
spondents such as years of experience, type of current em- 
ployer, and the sector type that they are employed in. 


(2) Part 2: the main focus of these questions was to determine 
what construction experts thought the main disadvantage 
and advantages of BIM are. 


It is important to indicate that the last questions of the ques- 
tionnaire had open-ended questions and were implemented for 
the respondents to leave any further information which they 
thought was applicable to further the study and could aid to 
reach the aim/objective of the study. 


3.2 Interviews 


Semi-structured interviews were selected with each participant 
invited to take part in a 20-30minutes interview, held at the 
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participants’ offices. Using this method of data collection al- 
lows the researcher to modify the questions within the inter- 
view, based upon the interviewees’ reply. Furthermore, it also 
aids in determining the interoperability issues of BIM imple- 
mentation and arrives at identifying the impact of the system 
when implemented within the conceptual phase of a construc- 
tion project which is the principle aim of the research study. 
This interview method was chosen over unstructured or struc- 
tured interviews, because this study intends to answer the 
research questions by asking specific questions, without miss- 
ing any important information. By using a semi-structured 
method of interview the researcher can modify the questions 
within the interview based upon the interviewees’ replies and 
experiences, whilst still having set targets to be met through 
the key questions. 


4 RESULTS AND ANALYSIS 


This section respectively discusses the key results and analysis 
of the data obtained using questionnaires and interviews. It is 
important to indicate that both the questionnaire survey and 
interviews have explored BIM advantages and barriers; hence, 
the results obtained from both are integrated into a separate 
section. 


4.1 Questionnaires 


4.1.1 Respondents’ Background 


The researcher chose these questions to open the question- 
naire, as it provides an overview of the respondents’ years of 
experience, area of experiences and knowledge of BIM, which 
in turn will outline the person, and their knowledge in com- 
pleting the questionnaire. 


4.1.2 Respondents’ Years of Experience 


The first question establishes the respondents’ years of experi- 
ence. The respondents were asked to mark the suitable choice 
that indicates their years of experience within the construction 
projects. 


The researcher received 56 respondents as indicated within 
Figure 1, however only (39.28%) have had more than 10 years’ 
experience. Majority of respondents of who had less than 10 
years of experience which represent (58.93%) of the total re- 
spondents. In a way this indicates that the questionnaire has 
been filled by younger, although comparatively inexperienced 
professionals. The positive side to this is that the younger gen- 
eration may be more aware and knowledgeable about new ICT 
tools and technologies such as BIM, compared to the others 
who have been in the industry for a longer time. 


Q1. How long have you worked within the construction industry? 


Responses Responses % 

0-5 years 16 28.57% 
5-10 years 17 30.36% 
10-15 years ii 19.64% 


15 or more years 11 19.64% 


(Did not answer) 1 


Total Responses 56 


Figure 1. Respondents’ years of experience. 


58 


4.1.8 Age of the Company 


Figure 2 shows the number of years the respondents’ worked 
for company, has been operating within the construction in- 
dustry. It is observed that a majority of the respondents’ com- 
panies had been operating within construction sector for 15 or 
more years with (71.43%) stating this. In addition, the data 
also shows that very few respondents were from companies, 
which had less than 5 years’ experience within the construc- 
tion industry (5.36%). Therefore, these statistics indicate that 
the sample population obtained is employed within companies, 
which have operated within construction sector for a number 
of years and have greater chance of understanding the design 
and construction process as put forward by (Kochan 1991) 
who says that “with years comes experience.” 


\Q2. How long has your company been within construction industry? 

Responses % Percentage of total respondents 
0-5 years 5.36% IE 

5-10 years 12.50% | 

10-15 years 8.93% |E 

15 or more years 71.43% Doo Of 

(Did not answer) 1.79% || 

Total Responses CO ahoo aO eoo gow 100% 


Figure 2. Companies years of experience. 


4.1.4 Companies’ Construction Projects Expertise 


Figure 3 presents the result of question 3, which was, “what 
area of the construction industry does your company focus up- 
on?”. For this question, the respondents could provide answers 
for more than one option. It is observed that the majority 
of the respondents worked within companies, which are in- 
volved in construction of buildings (80.36%) and (30.36%) for 
transport. Very few respondents are from companies, which 
are involved within hydraulic structures sector (7.14%). The 
above statistics indicate that respondents work in construc- 
tion companies, which are involved in building, transport and 
infrastructure operations. Since the BIM tool is mainly relat- 
ed to buildings and construction design, the majority of the 
sample population work within these sections, therefore, using 
this research offers a great advantage as most of the respon- 
dents should have used the BIM tools personally or have a 
greater knowledge of it. 


Q3. What area of the construction industry does your company focus upon? (More than one option can| 
be answered) 


[Responses Responses % \Percentage of total respondents 
Buildings (Housing, hospitals, military facili- 45 80.36% SE 

ties, universities, government) 

Po (Highway, tunnel, bridge, railway. 17 30.36% =] 

[Hydraulic structures (Dams, irrigation sys- vi 7.14% E 

Items.) 

[Other (Please specify) 7 12.50% a] 

(Did not answer) 1 1.79% l 

Total Responses 98 AKO en ae 


[Multiple answers per participant possible. Percentages added may exceed 100 since a participant may select 
more than one answer for this question. 


Figure 3. Companies expertise. 


4.2 Interviews 


This section of discusses the key result obtained in relation to 
the interviews and questions. In addition, this section will also 
analyse the data collected from secondary results and compare 
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it to the new data collect, in doing this a depth of information 
will be obtain and similarities or difference will be identified. 


4.2.1 Common Errors within the Conceptual Phase 


When questioned about the common errors within the con- 
ceptual phase, both interviewees highlighted that some of the 
common errors that occur throughout the process, are clients 
having an unrealistic deadline to meet, or responsibilities and 
roles of parties not being known. Interviewee 1 made this clear 
within the answer given, “with regards to BIM implementation 
common errors which occur are, defining how information will 
be shared, and at what level of detail is required. These re- 
sponsibilities and roles being defined and unrealistic timelines 
being set for the project.” Furthermore, interviewee 2 iden- 
tified that “Roles and responsibilities of parties have to been 
correctly outlined, and clients who set unworkable deadlines 
can cause major challenges”. Kochan (1991) outlined that, 
roles and responsibilities of parties are heavily impact by the 
method of procurement chosen, therefore choosing the pro- 
curement early within the design phase can help all parties to 
determine their set roles and responsibilities. Kochan (1991) 
points out that roles and responsibilities should be included 
within the projects contract. Therefore, both parties know 
what is excepted from them throughout the project, East- 
man et al. (2011) shared this view and suggest that the con- 
tract is a legal document, therefore should a party fail to meet 
the roles and responsibilities included within, the other party 
could claim for breach of contract. 


4.2.2 BIM and Information Leverage 


Within the interviews the researcher asked the question of ad- 
vantages information leverage throughout a project. To this 
question both interviewees outlined that the biggest advan- 
tage was that BIM provides transferable files and that within 
using BIM ‘one source of truth’ can be identified as suggested 
by interviewee 1, who said “My personal opinion is that a com- 
mon data environment (CDE) should be formed at the earliest 
stage possible so that there is only ‘one source of truth/shared 
information’ where all the relevant project information, by all 
relevant parties is shared and available here”. Further to this 
interviewee 2 pointed out that “BIM helps us share information 
between parties, by program sharing and transferrable files”. 
Further to this the researcher feels these views are supported 
within the literature, as this advantage of BIM was discussed. 
Karhu and Lahenpera (1999) indicated that program shar- 
ing and transferrable files are a major advantage throughout 
the project however within their study they discuss that is- 
sue within interoperability of BIM can cause challenges within 
program sharing and transferring files, therefore as addressed 
within (Kochan 1991) study communication within the AEC 
is vital and can make or break a project. 


4.2.8 BIM and Interoperability Issues 


When the interviewees were questioned about the challenges 
involved with interoperability between software’s vendors, the 
most commonly identified challenge was the incapability to 
decide on communication roles. However, the respondents 
felt that the software vendors are taking lengths to address 
these issues, as observed from Interviewee 1, who said “ex- 


porting structural design into the model/ detailing software 
such as Revit can have many issues. Coordination of beams, 
nodes being incorrect, incorrect mapping of elements, etc.” 
and “Generally, from a civil/structural consultant’s perspec- 
tive, IFC (Industry Foundation Class) has been quite a reve- 
lation with regards to interoperability between various parties 
on a project” Furthermore Interviewee 2 pointed out that “the 
biggest problem with interoperability being the hopelessness 
to agree on communication roles. However, majority of the 
software vendors have gone to great efforts to deal with inter- 
operability issues.” Therefore, in relation to the question the 
researcher feels this view is fully supported within the litera- 
ture. Kochan’s (1991) study found that interoperability issues 
are due to different software’s entitling different details, there- 
fore this issue would have to be addressed by the software ven- 
dors, which according to Goedert and Meadati (2008) is slowly 
being carried out. In addition, Eastman et al. (2011) iden- 
tified that there are interoperability issues between different 
BIM software applications, but sees that if the interoperability 
issues of BIM were to be fully addressed then BIM could ad- 
vance further within the construction industry and the AEC 
team would have a closer partnership. 


4.3 BIM Advantages and Barriers 


It is observed that different aspects including BIM’s role 
in conflict resolution had a high response of strongly agree 
(58.93%), help client to visualize the project (60.5%) and re- 
duction in overall cost (46.43%). This indicates that the ma- 
jority of respondents felt these attributes to be major advan- 
tages. However, the majority of respondents suggested BIM 
had a drastic impact on the actual design process (48.21%) 
for strongly agree and (35.71%) for agree. These views are 
supported and questioned in literature. However, Hallberg 
and Tarandi (2011) argued that BIM plays a limited role in 
the architectural design process, whereas, Succar (2008) found 
similar result to this study and had the view that BIM plays a 
vital role within design phase. Furthermore, the respondents 
were questioned upon role of BIM within the construction pro- 
cess (32.14%), whereas electronically transferring file only had 
(7.14%). Hallberg and Tarandi (2011) found only a small per- 
centage saw this as an advantage (11.54%). Furthermore, Suc- 
car (2008), results found operation simulations (Mean =1.81, 
SD=1.024). This study would suggest this is high obtain- 
ing a percentage of (50%) for agree and (37.50%) for strongly 
agree. Within the study conducted, Eastman et al. (2011), 
strongly identify the importance of BIM and its ability within 
easing construction field operations. The researchers current 
study mirrors this, obtaining the percentages of (32.14%) for 
strongly agree and (44.64%) for agree. Moreover, Boktor et al. 
(2013) identified that BIM plays a key role in simulation and 
visualization, which is also demonstrated within this study 
(50% for agree and 37.50% for strongly agree). The difference 
in results of this study and others may be explained by the 
need for better awareness of BIM. As identified within the 
studies, there is a lack of trained personnel this is outlined 
within Baldwin et al. (1999) who shared the view that BIM 
is used more in boardrooms rather than in field operations. 


It is observed that there are many perceived different dis- 
advantages of BIM. These include the lack of trained person- 
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nel, which obtained a percentage (33.93%) for strongly agree 
and (42.86%) for agree. This issue was mirrored with Howard 
and Bjork (2008) who obtained a (Mean = 4.0, SD = 1.130). 
In contrast, a study by Azhar (2011) presented that there 
is an increasing number of training manuals and experts to 
teach BIM. Moreover, a major issue highlighted within Pish- 
dad and Beliveau (2010) study was, that personnel are re- 
luctant to change from previous ways/methods, which was 
also rated highly within the current study having a percent- 
age (30.36%) for strongly agree and for agree a percentage 
of (41.07%). Howard and Bjork (2008) identified within their 
study that personnel didn’t think BIM is costly when set- 
ting out. However, within the current research, the researcher 
found it to be a major issue obtaining a percentage of (42.86%) 
for agree, moreover, Howard and Bjork (2008), study was car- 
ried out within the middle east and therefore culture may pay 
a part into how BIM is used. With the present determination 
of the UK government, presenting BIM as an integral part 
of the construction sector, this disadvantage may be easily 
overcome in a few years and may be a good sector for later 
research. 


When the interviewees were questioned about advantages 
and barriers of BIM the interviewers outlined that, visual- 
ization and coordination were the two main advantages, In- 
terviewee 1 explained that the main advantage he felt when 
using BIM, was its visualization abilities, Interviewee 1 said “ 
the biggest advantage I see of BIM is its Visualization, within 
conceptual images, models, and walk through, which can be 
seen at an early stage thanks to BIM, this provides the client 
with a better idea of the end product”, however Interviewee 
2 saw BIMs main advantage as coordination, which was seen 
it the statement “Early BIM adoption can enable better coor- 
dination between the design team, thus enhancing efficiencies 
through design.” However, within the literature carried out at 
chapter 2 of this study the researcher identified both of these 
advantages. Kochan (1991) pointed out that BIM helps clients 
to visually see the end product before live work commence. 
Moreover Moon et al. (2011) suggested clients can visually 
see corrections and designers only have to make corrections or 
design change to the original drawing and the other drawings 
change automatically thanks to single entry within BIM. In 
addition, both interviewees highlighted that the main barrier 
of implementing BIM is, that BIM requires training and that 
people aren’t willing to make the transaction to BIM as put 
forward within the following statements obtained Interviewee 
1 “Unwillingness to change — Although in more recent times, 
BIM is becoming more like business as usual. However, the 
traditional culture of construction projects tends to not en- 
able change in my opinion. It’s the term ‘if it’s not broken, 
don’t fix it’. However, things may not be broken, but they’re 
very inefficient in our industry, thus do need fixing. Therefore, 
it has been common, and it still is at some companies, that 
people do not realize the benefits of BIM and will be reluctant 
to embrace it fully.” As suggested by Kochan (1991), this can 
be predominately due to people needing to undertake further 
training, which they don’t feel, is necessary. Furthermore, a 
study carried out by Eastman et al. (2011) suggested that 
factors such as, age could be a factor to the unwillingness to 
change, for example, an older professional who has learnt rit- 
ualistic techniques may not be as comfortable changing due 
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to being stuck in old ways, contrary to a younger professional, 
who could see it as an opportunity to advance. Within the 
same context, a younger professional could also have a bet- 
ter understanding and knowledge of computer and technology 
than an older colleague, due to being brought up in a genera- 
tion where technology is common place. 


5 CONCLUSION AND 
RECOMMENDATIONS 


This paper aimed to focus on the implementation of BIM 
within the conceptual phase in a construction. Literature 
indicated that the majority of research studies on BIM im- 
plementation have focused on improving certain aspects such 
as sustainability or improving practices such as overcoming 
data/information loss. Mixed methods approach using in- 
terviews and questionnaire surveys was used to investigate 
both common errors within the conceptual phase and BIM 
implementation-related issues within any phase in a construc- 
tion project. The BIM implementation issues were interoper- 
ability between BIM-based software used by members of the 
AEC team, information leverage throughout a project, and 
highlighting BIM’s advantages and barriers. Findings suggest 
that the common issues during the conceptual phase are re- 
lated to procurement methods and managing to execute tasks 
within the specified time. As with relation to BIM imple- 
mentation, interoperability and information leverage related 
issues lie within the preparation of a BIM federal model while 
minimizing data loss and ensuring an early coordination plan 
between different stakeholders. The main advantages of BIM 
during the conceptual phase is the early detection of errors 
through visualization of synced building systems and compo- 
nents, and reducing number of changes through effective co- 
ordination between the client and the designer. Although the 
study provided an insightful investigation over BIM implemen- 
tation within the conceptual phase, further investigation using 
real life case study is required to determine the issues faced 
when implementing BIM during early phases in a construction 
project. 
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